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METHOD OF CONTROLLING A CELLULAR PROCESS 
IN A MULTI-CELLULAR ORGANISM 



FIELD OF THE INVENTION jnterest ,„ a 

multi-cellular organism, notably ,n plants. Further, ' method of 

BACKGROUND OF THE INVENTION 

control over trensgene expression, ugn |ike for 

, a downstream product o, transgene «^ » "^"^V Na , Acad 
example, biodegradable plastics (Nawratn, Pomer & Somen* « » 
fcStf 91 12760-12764; John & Keller, 1996, Proc. Natf. Acad. Sc., 

use is restricted to W specif ^^^^^^ 
(W09639462, or expressing m - - ^ a ccord,ng to their induction 
inducible promoters can be divided into a substa nces) and 

conditions: those induced by abio tt c factors C^^T algt pest attac, 
tbose that can be induced by biotic facto., for ^ ^J c 
Examples of the firs, oategory are heat-inducbie US 
(US05B47102) promoters, a copper-inducible system (Mette. , 9 . P^H 
Sci., 91 4567-4571), steroid-inducible systems (Aoyama & Chua, 1997. Plant 
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/ 14 247-257; US06063985), an ethanol-inducible 
612; McNellis rf a/., 1998, Plant J., 14 247 25 wo09321 33 4) , and a 

sy stem <Cadd,cK e, a, 1997. mm « 7 1 ^ ^ ^ 

tetracydine-inducibie system <We,nmann . al 994. « . ^ 

promoter mat can be swrtched on by g For a rev iew on chemically inducible 

tetracycline (Bohner er a/., 1999, Plant J., 19, 87 ^ For s 
SV stems see: Zuo & Chua, (2000, Cun-n, <*a B,— ^ p tog enes,s-re,ated 

h« uiral infection (for example, see uou^ 
RNA/RNA polymerase prov.ded ^ J sequence includes the nucleotide 

US5S19705, In these systems, a — n ^ant ON 0 ^ 
sequences from the v,ra, genome r ^ed by ^ ^ [0 

— r:r::::r = » - — - - - 

amplification. 

>,lmica, process in a genetically-modified plant (WO02068664). 

.e systems descnbed above are - ^^J^ZZ^ 
desired patterns o, transgene express.on, but they d n *w b 3 M „ 

expression patterns, as the inducing agents (coppa ) or * ana. s ^ 
oass of steroid-oontrollabie sysfem, can be P^ ^ -as ^ ^ ^ 
cause residual express,on. Add.t.onally, the appli cations. When 

rrrrr. i» — « 
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, trhed on at wi,, Recombinant viral switches as described in 
transgene to be switched on at win. K fl M enviro nmental safety 

WO02068664 address a„ these problems, bu do n ^ ^ 9 

cements, as the ^-^^^"^^ ^.h. d-* «t 
Th ere is an abundant literature including patent vira , RNA ( , g . 

US5792926; US6040496). It is also worth me « novei 
associated with the use of such plants due vjral RNA „ oNA (Adair & 

recombination between the challenging v,rus and transgenic 
Kearney, 2000, Anoh. Virol, 145, 1867-1883). 

.Protein-protein interns as switch - gene expressfcn rep = 

L to several advantages over the ex*< ^ ^ „ . 

P^-H^"^^^^^* acid interaction, which is 
result of a highly specific protein-prote n or P~ absence of non . 

characterized by near zero-ieve, expression ,n u— -** ^ ^ 

H owever,a„systemsdescribed above ^--^^^S^ 
p rob,ems : (i, the ,acx o, tightly controlled regulation, .* ~ ^ ^ . 

^auction of a cellular process is usually ^ and high, specific 

Multicellular organism, especially ,n the c a '^de c acid interactions. Usually 
regulatory system built on e.g. protein-protein or pmte^n n ^ 
*e «ghter the regulation, me smeller is the number of ce in a 

can be affected by an externally applied signa a d colleagues (2000, 
An example o, mis problem are the publicans of Ho - ^ 
SCenc, 290, 979-982; WO0189283) desenbing (Tn^toplant cefls. This process is 
expressing a gene of interest conferrtng antibio c Holer, the 

specifically tdggered by the externally — can bs deiivered only 
effidency of applying the externa, fngger ,s low as C re recom ^ 

to .^-^^^^- M :^ir^!p. caused by antibiotic 
be detected in «ssue culture due to the.r selected M phen yp 
resistance. However, this method is iimited to tissue culture and 



multi-cellular organisms like higher plants. 

meth0 d of control a oeilular process se , eoUvely acUvat ed in said 

mulfl-oellular orgamsm or a part thereof. multi . ce nular organism, notably a 

m ulti-oeliular organism has grown to a desired stage. 



(b) 

of said cells, 



00 



and optionally 
controlling a cellular process of interest. 



Tha invent aiso provides genetioaii^ied ^Z^^ 
o bteln edoro Dt ainab,e b v«hemet h odo t me,nven,oa P^ saj<j ^ 

Seeds are most preferred examples for parts of a plant. 

»■ ik. rr,nHifiPd multi-cellular organism or a 
1 Tha invention further provides a genetioal, -mo* ,e m ^ 
part thereof containing a heterologous nucleic ao,d ,n 

ha terologous nuoleio aoid is adapted add can ba causad in 

(a) expression of a protein from said heterologou 
cells containing said heterologous nuoleio and 



(b) 
(c) 

(d) 
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said protein is capable of leaving a ce„ and entering other cells of said mu.t, 

cellular organism or a part thereof, and 

said control protein is capable of controlling an 

Cession or said protein in ceiis containing said heterologous nucle.c ac,d 



and 

optionally, controlling a cellular process of interest. 



a — — rrrZni a. 9 - are 
s — i - si ^ ^ * — * — ^ - 

* signal to said multi-cellular organism or a part thereof. 

P ^ in a genefically-modified muifi-ceiiular onanism as defined above. 
Further embodiments are defined in the olaims and subclaims. 

protein ,s expressed. Further, a, P ^ ^ ^ 

said multi-cellular organism. In other cells expression 
p rote in is capable of controlling said ceiMar ^ < P^e Z causing its 

ownexpress,on,no te b n^el s or ^ ^ & ^ ^ 



as "protein switch". 

— :rr:Z " pt,. tnu are preLea. Among 

organsim may be an animal, a fungus, or a p ^ 

genescally-modified muM-cellular plant a re seeds of said plant. 

ln ordsr to m a.e « use - t h e potent - t h e 

im enson is applied to en«re nnuiti-oellular organs no en« pi 



# 



with the cell type or tissue type. Obviously, application of said external signal is norma, y 
ill! single point on the surface of a muifi-ceilular organism. Preferably, sa,d 

ln step (a, of the method of the invention, a genetically-modified multl-cellular organism ,or a 
part t er o, is provided. Said multi-cellular organism or said part is genet^y-mod ed , 
Z ee ls of the organism contain a heterologous nucleic acid from wh,ch sa,d contro 
Ze" can be expressed. Said heterologous nucleic acid preferably encodes sa, con, 
p^in Alternatively, said heterologous nucleic acid may encode said control P rote,n fte 
atorgan^on ca used by said externa, signa, or said contro, protein. As an example of 
.rZl, <he heterologous nuCeic acid may encode said control protein after a 
'recombination caused e.g. by a recombinase activity of said external s.gnal. 

ir, C t^n ia\ mav be a transgenic multi-cellular 

rL a^stably integrated In the genome of said cells. Said heterologous nude,c aad 
maTbe s,ab,y migrated into the nuclear genome or in the genome o, organelles 
2 Indna or, in the case of plants, plastids. in the case of plants, integrator, f said 
^ogous nudeic add in me plasfid genome is advantageous in terns « 
safety The method of the invenfion is preferably carried out with transgen,c 
talm, Alternately, hoover, said organism may be transiently modified and or a 
hlroiogous nucleic acid may be present in a fracfion of celis o, said organs.m but not n 
kTrce s A heterologous nudeic add in a transiently modified multi-cellular organism m y 
KZ ntgrated in the genome of said fraction of cells or It may be present episom* 
ncotoln of said heteroiogous nudeio acid in a fraction o, cells of said orgamsm may 
be achl-d by transient transfecting said organism e.g. using vira, transfer or 
Agrobacterium-mediated transformation. 

,„ step (b) of the memod o, the invention, expression o, said contro, protein from said 
ett og us nudeic acid is induced in a, least some o, said cells containmg aa,d 
heterologous nucleic acid. Said expression is typically caused by applymg an extern 
signal to ceils of said mulfi-ce.lular organism mat contain said heterologous nucle,c aad. If 

Organism is transgenic, said signa, may in pdncipal be applied to any part or o a 
ce „s of me organism. If on,y a fraction of the cells of said 

heterologous nucleib acid, said signal Is applied to the organism such that sa,d external 
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measures that allow cross.ng of the plant cell wall an mec hanlcal 



perforate the plant cell wall. 



- * « h « riImen t of the invention, said external signal is a polypeptide and the 
organism. A functional part of said polypeptde .s a part that cap 
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^rti„n to steD (bl of the method of the invention. In 
expression of said controi protem according fe step W o ^ ^ 

this embodiment, the mum-ce.iu.ar orgamsm . ^not endow* w 0 ^ ^ 

for said P0,vpep«de. Most preferabi, the * «■« and (B) 

me ,hod of the invention with (A) genetoc ma ana, cod ng ^ ^ 

wilh g ene«c materia, nacassarv for said ce,,u,ar pro^ssof ^ ^ ^ ^ 

of gs ne U c materia, (A, and (B, cannot be mhented o 9 ^ „ 

in the environment, notabiy to other organs * means application of 

preferably direc«y appiied to oe„s of sa,d ^^J^^ or functiona, parts 
said poiypapude such that no nucteic aads en o , g a« ^ ^ 

thereof. . nucleic acids coding therefore 

Alternative*, a composi«on containing said P-*"^^£ gdds ^ for said 

m W b.^»---^'^^^r b . achieved using a 
pathogenic microorgamsm that has a sys ^ ^ ^ pathogen|c 

Said polypeptide may by express.bly encoaea 

of said multi-cellular 

m ,croorganism, such that said polypeptide can be " 1 v]ru|ent ^ non _ 

organism. A preferred exampie of such a pathogenic Qf g ^ 

vim ,ent Agrobacterium, whereby said polypepride s no e coded ^ 

heteroiogousnucieic acid. There are numerous P-«esJno ^ 
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erases, transposasas, po^arasas ate. Fu*ar dafails of suc h possi«as inciuding 
binding activities are given below. 

control protein). In the case of plants, sa.d leaving a c 

H^main of a Dlant or animal transcription factor capaoie ot u 
| factor, or a domain of a piant ui peptide 
I . Further said protein portion may be a plant or animd. v v 

'systemic movement. Further, said p P 

r^srj=^r— — — — — 

copi as of said 00*0, prota.n ,n , asa * ^ * - ^ 
amplify and propagata ih. s.gnal appl,ad axtamaHy ^ 

sald eontro, protain has a sag.a. ^J^S^.JU 
expression of said control prote.n. Examplas of such acbviaes 

+or nf cold heterologous nucleic acid, wnereoy saia h> u ' 

promoter-T7 polymerase. 



of said control protein may be of the same type polype ptide is used as 

- - - — , rilxriT- » — 

invention has the capability of controlling a cellular prooe 

cn.phse enhancing an, suppressing * J ^ 

^means switching on or swrtchmg off a cellular pro ^ 
P controlling means switching on a ceiiular P™-^« * ^ e . segment M is 

cellular process o, interest, said control prote.n (protein swrtch may h ^ 

enzymatic activity that controls a nucle.c ac,d <e g ^ ^ 

Ascribed helow) necessary for said celiuiar °' ~ "d ana,ogous,y to said 

invent said controlling of said ceHular ^ control protein m ay 

causing expression of said control protein («). For th s purp . 

h aveasegment for conning said " ^ ^ sras of said two 

expression of saic ^^*J^ 1B1 ^«^cr I1 «* 
segments may be d,fferent. Preferably, tn ^ 
wherein one segment of said control protein may b w one 

Said ceilular process of interest typically reguires the ^J^J^ 
is to be controlled. Said additional heterologous > nu a a. m b ^ ^ 



12 



„ said addltiona, heteroiogous nucleic - 

from said additions heterologous nucleic acid or from an RN A exp «s P 
sdditional heterologous nucleic acid. A very acid or from 

nuce. Said ampiicon is 

an RNA expression product of said aaara amplicon may 

capab ,e of amplify within cells of its ^^^^L of the 
be capable of cell-to-cell or system, movement in J 8 
inV en«on. Thus, a funcKon of said amplicon may e arn^ *d * a g 
by said protein switch. The amplified property o, process of interest 

may behave synergist, thus allowing an extremely strong cellule pr 

F Th e cellular process according to ^emvent^n may comp se wh 

- — 3 -T r VL 1 ^-* onanism 
process or biochem.cal cascade of interest P r 

-nr^rrrr— — i — - ■ — 

provides control over a cellular pr Therebv novel applications in 

te ^SZ"°^^ 2 — ■ for so,vin9 

..technology in gener^ «m ^ ^ ^ ^ 

problems whic^nn be so e ^ ^ ^ 

expression activity in a plan, p acoordl ng to the invention allows to 

invention allows to safely decouple the grov* ^P ase « Mh. P» P 
^cellular organism, specifically a transgenic plant. »M * - P 
^-component systems for multiple cellular P"*^^™^ ^ 
interest, whereby one or more desired processes or cascades can 



on. 



organism or a part thereof, comprising the following steps: 
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m a thpreof whereby cells of said multi- 
(a) providing a multi-cellular organism or a part thereof, wher 

least some of said cells, 

rent: tr — - - - - —~ «— - * pa * 

w expression o, sa, con., Pr o t ein in ce„s — - — s 

nucleic acid, and 

p controlling said cellular process of interest. 

rs.'sr^ « - — - — ■ 

least some of said cells, 
nucleic acid, and 

(HI) controlling said cellular process of interest. 

srr=,--- — -- — 

heterologous nucleic acid, u^roloaous nucleic acid in at 

wherein said control protein is capable of 

; ==r:rr ir — . - — 

nucleic acid, and 

(Hi) switching on said cellular process of interest. 



— r==:rirr: ■ 

a protein-s^ch mat, capable Cnteroe ular ^ ^ 

oth er cans. PS stands for prote.n swtch T P s* ds ^ ^ ^ _ 
intercellular trafficking, PS:TP stands for a PS TP 

additional heterologous nucleic acid. heterologous 

(A) aepicts a heterologous switch is not expressed, 

nucleic acid hNA. No external s,gnal n appl.ed. tnu v S;Tp The 

control a cellular process by acting on hNA. ps2 
(C) deplete a heterologous nucleic acid encod.ng two protem 

Lpression of PS1 is caused by an externallv applied s«na — » . 

P81:TPc«.^<»«^«*^^772l P ^ In the ce,, or stab,y 
cellular process by ac«ng on hNA, which can be trans.en y ■<*. nt ,n 

the appropriate targeting signal/ transrt peptde ,n order 
organelles like chloroplasts. 

K 3 depicts the scriem.c presents of *e — ^ £ ^ 
assigned for trigerring the expression of the gene of n - ^ ^ 
specific recombin.cn even. Said recomb.n.on a ente can b ^ 
applied recombinase as well as intracellular recombmase capable 

a - in IM trie construct plCHGFPinv containing a non-functional TMV-based 
for subgenomic promoter. 

F „ s depicts an experimental scheme, wherein a cell-permeabie polypeptide as externa, 
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intracellular protem-swrtch can further mgg eyDresS ion of a gene of 

rear range m en, of a p,ant virus-Oased ^^Z^^^^' 
„ (SO, MTS: — n^reLtL ^ -MP- DNA 
tracing; SM: selec.be — S ; re co. ^ p^Qjyj. promoter 

- " p*~ mp - ™— protein; 

r,; — - ;:l - P i ^ ^ - o ri en t a fo n - 

and regulatory sequences. 

I • .rhpme for the use of protein-switch fragment capable of 

P Fig . 6 depicts an expenmental scheme for*e u P ^ ^ t0 

=i-r^- =^=- - ~ - - 

movement protein (RecC:MP). 
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DETAILED DESCRIPTION OF THE INVENTION ^ 
The ba s,s of th.s .nven.cn Is the use of a cent*, *j£ « 

own expression and, ,n addition * . representatlon of 

different from its own expression. The general pnncip resDec « v ely 
the method according .0 *e invention are shown in Figures 1 and 2. respectovely 

Choice of control protein for Switch' function 

Th ere are countless numbers of cellular ^^^^^ «** «* 
Wgerred by said control protein of the invention (protein sw^T h 
.control the expression of a transgene of interest ,n many MM ways- For 

- — e:r:r ■ r;rrrrsi- * - 

translational modifications etc. In addition, P 

polypeptide upon deiivery into the plant cell and after *a «££T ^ 
Obviously, the choice of the protein switch depends on me de 

process to be controlled in said \ * Lament or 

process may be controlled, notably switched on, by udeio aa 

r."- : t^fic . — - — * 

methylase, an integrase, a transposase, a polymerase etc. 
inversion orinsehion in celis. notably inpl^ 

— — r r: tm ~ — 
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family, etc. 



„„, — — "ZZZ^XZ£™^T- 



of such a tfansgene. 



Th e expression of a plant transgene ( e., t* .addKonal heterolo^ 
invention, M is under control o f a — t a'ant may be another 

)*. corresponding DNA/RNA poiymerase del.vered ** *! * 

— approac, for the ^^-J^nl* or other ar*a, 

Another useful approach may be the use y ^ 

promoters which retire he,ero,o 9 ous or entered — o 

activation. Hetero,o a ous transcription factors also « b. u-d 

egression of the trans g ane of interest U "^J re lt, hut are not limHed to, 

yeast metalloresponsiveACEItranscnpoon §0,4567-4571), 
WIT (metallothionein) promoter (Met, et a,., 1993, Proc. Na«. ^ 

Afferent chimaehc transcription factors having a J, protein 

and an action domain liRe a transcription factor ^ Barbae * 

^07 and herpes simplex virus VP18 — on^r — ^ ^ ^ . 

Peachy, 2002, Proc.Natf. Acad. So, USA, 99, 3290 1 ., Wnscrlptional 

ful, length 434 repressor and the C— 80 am no used jn 

abator fWilde a, a, 1994, P/anf « M * McNellls et a , 

1998, P** J, 34, 247 2* ^ fQf transgsne 

such that no activating iigand-inducer will be reared to dnv the — h ^ 
.a active state. Chimaerio ^SSL. -mains and 

invemJon, as they allow to combme h.ghly sequence p 
highly efficient actuation domains, thus ellowing a max,mum des,red effect 



such a factor into the plant cell. 



Another protein switch contemplated under the invent may rely on posttransla tonal 
rtt lase into cells of a multi-cellular organism may tngger a oeiiular prooess of 

89 10208-10212; Gopinath et a/., 2000, Wrotogy, 267, 159-173, USbit»2 , 
n!™ US5 91076). Other exampies o, site-speoifio proteases appiicahie to this 
n ; Z 1 mamma J enteroKinases, for example, - % — a^ ght cha,n 

ZZ protease of Sen* Forest Virus (Vasiljeva ef a,., 2001, J art Chem. 276, 307 6 
H and proteases invoived in poiyubid* processing, 
hydroiases (Osava et a/., 2001, B/oCem Biopnys Res Ccmmun., 283, 627-633). 

^Choice of externally applied signal _ 
Any abiotic or bioflc factor can be used as externally appiied s,gna ,n orde to cause 
expression of said protein-switch within the ceiis of said multi-celiular organ,sm. Sad 
11 mav e g be under the controi of an inducible promoter that is tnggered e.g. 
Z^ZSZL* change, pathogen attac, Said 

Z lZr processes and,or biochemical cascade in cells it enters, thus proving for 

of said process and or cascade in affected cells of said plants or parts thereof. 

^ZTZZZZSZ** direct or bactedum-mediated 
IL L o a Polypes into cells of said muiti-cellular organsim, whereby said po,ypept,de 
« J2Z expression of said contro, protein. Alternatively, said po,ypep,de may 



WB000251f 



said protein-switch is highly specific and can P^or 9 ^ 
ceilular process of interest. Depends on eon*- es 8 ^ P ' » ^ ^ The 
e^ssion o, said protein switch after the ^^^J^ delivering 



the following. 



a) Direct delivery sa|d ade int0 cells of said 

^Different methods can be used for the d,rect de r, ^ ^ ^ ^ 

f muiti-celiuiar piant organism. Among the s,m P les. ones s *e ment „ 

me chanical interaction with plant tissue. For e m . m oop 1 ^ 
polyP e P tide-coated particles can ^J^^„„l^ p,*- «M8 
" t ^S^«SSi?Hl«. instead of DNA, said poiypepfide 

polypeptide (Sanford, Smrth & Russell . micro iniection (WO 

prin cip,e, o»er plant t^— - ^mediated delivery (for review 

M any examples o, membrane translocate d „ gs and th erapeutic 

Known in the art They are widely used J s may be a simple 

proteins in order to increase their cell men = P— ^ ^ arginines 

amino add repeat, for example a cation c pep nother clonic 

RRRRRRRR RRR (-sushita ef ~ 

WITS is a 27 amino acid long transport for the , r penetration 

— the ,ipid 

of the cell, exploit the asymmeUy of the cellular -f ^ 
monolayer facing the cytoplasm contains an,on,c phosphohp.de (B 
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BMft. A*** Ce„. B/o, Of Up/*, 1483, 199-216). Certain. proUins ^aiso 

oel , To such dentins beiongs ^ -^^3^3^— iaj 

Cfcem., 270, 14^do i** 11297-302); homeodomains from 

^ „ in 728 732) It was shown that all these positively charged MTSs are able to 
' 2 001, J. Immunol Methods, 264, 137 145 H ^ 

+ h 0 rail A 21-residue peptide carrier Pep i 
(KETWWETWWTEWSQPKKKRKV) which is abie to form compiexes by mean of non- 

sr^ic — * — r s r r r « - : «. 

sa.veforpracUcing.his invention (Futaki ef a,., 2001, J. B* Cfrem., 276, 5836 5840). 
Ias there is no essentia, structure! difference between plant and animai 

======= 
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ava „ab,e a, industffal - - a 7 - ^-^J^^^ 

enzyme preparation of Trichoderma ha^anum, etc, « 

p,ant protoplasts ( Sidorov & Glaba. «tt W*** ^44 -446, G aba 

polypeptde oan be spmyed ova 9 

interest and the expression of said control protein within the plant. 

c) Pat hogen-mediated delivery of deIivering „ proteins int0 *. 

Some plan, pathogens have very effiaent systems fc, 
p ,ant oells. Many plant and animal ^^^^ m .he literature 
to deliver effector proteins ,nto the hos t c*. The- are ^ y oram . negat ive 

- such rrrr - r n " t u, 2 ooo, cu , 0P , C e„ 

"ratTri system for pro.eobec.ede (Sandys,, », « = J ^ 
„ lpl e pathways of protein secretion from bacfcr ■ -j£J-£ a5 

979-982) demonstfa.es the possfc * ^ e transferwas aohie vedby using a 

heterologous protein Cre recombmase into host cells. 



e^enteno^to^reco— "-"^^t — - 
pacterium-mediated polypeptide dei.very ,nto ^ ptont « s 0 

engineer bacteda, ce.,s carrying me gene f sa d poly pbde (W ^ 
pr0 cess is efficient enough to trigger selectable ohan ^ 
L sedous disadvantages that significant* restn* ts sa|d 

For the above reasons, either a ver, effioen ~ ^ ^ of 

external signal to each or most of the cells ta g P ^ 

controlling the segregation o, a transgene enood ,,ng the r tern sw ^ 
an active protein-switch is assembled either by H^o/en-delivered 
affinity interaction. This is an especially .mportan 

a continuous DNA 

poor art and Is described in detail in many P** 0 *"*^^ J re flrst ldentifle d as 
ira ns-spli.ng can be achieved by using excised dudng protein 

protein sequences embedded in-frame w,th,n " 7; perier , F . B ., 

maturation process (Peder et a/., 1994, Nucle,c Adds Res., 22, 



23 



1998 Cel, 92 1-4) All information and cata,ytic groups necessary to perform a self- 
T ««, w 1 292-299) and by Shao & Kent (1997, Chem. B,ol., 4, 187-194). Interns 

reg,on or small l.nker reg.on. uv ^ eukacyotes , 

me nuclear and organellar genomes of Afferent • 

. ,^ or . t orin mtto7/www neb.com/neb/inteins.nimij. u wa 
archaebacteria and eubactena (http.Z/www.n endonuclease 

unlinked fragments (Sun ef al„ zuui, >w 

enolpyruvylshikimate-3-phospha.e synthase (EPSPS) (Chen ef a,., 2001, Gene, 26., 



48) in E. coll 



* ^oroccarilv reauired to restore the original protein 
Tra n,sp,ioin 8 of protein pa s ,s -J- ^ein parts without peptide bond 
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nortoH hv a nroteolysis-sensitive linker region 

(Kwon, Chalmers & Kleckner, transDO sase function. When added 

the domains separately is unabie to pro Jo ^eln ^thout 0 ein 9 connected 
together, however, they are able to prov.de for tmaMMin from 

by.^^-^^^^^^tTi^nl assembly of a 
isola ted fra 3 ments without any pepflde ^d . The efflaent 

func tiona, insulin receptor binding Re— n of 

frag ments (Kristensen et a,, 2002, J. B,o, C^ffi. 34 for ^ 

active proteins by simple mbdng of tao ,nact,ve peptide ™«**\ 
dehydrogenase (OiKawa e, a, 2001, ^ fo, oU.oi; 

|0a- binding protein caibindin ™^«^ZoZ^" «— ' 

For example, phage display may be used to 9 ^ ^^.y 

affinKy to a protein fragment of interest. Several -^£7^ va . afe|e MM-r 
avaiiabie. Phage dispiay is a ^^Z^XZ^ ™^ 
Lgopep«de is inserted into a coat prote,n of bactenophagejhe q 
'vahable oligopeptide is included in me ^^^^"JJ^ 

========= 

allowing rapid identification of peptide ligands for a *«n ^ge pr tern 
— P^ss caiied ^nnin, ? « , _ 
Q / iqq^ Curr Op'm. Biotechnol., 6, 73-80). ine piwy k A . „ Kq 

tr P ldureLbedis^ 

ampiified. Usually, one needs three panning ^j£™l£> - «W* re * on 
--ero^ 
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A notber approacb InCudes tbe use o f na.ra,, y 7«^" ^ 

r: o r«»* (Thompson ' erown & McKnisht ' 

fusions, but also endogenous proteins may be taken into account. 

tM e„ or systemic movement ""^^^^ and being capabie 
based vector (amplicon) expressing a gene of interest .« a > P 

the geneticall-modified plant. 

,n exampie , o, tb entio, externa,, deiivered recombinas e t.igge. tbe ^ - 

(GUS gene) in the cells it reaches. 

— rrr« » — — • - 
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r n ,,Re the acSn 2 promoter in this example. Thus, together with other v,ra, vector 
qu est,onl 1 keme ect 1 n 2 P ^ 2 promote , dnven 

"T* Z ah 1 1 v^r capabie of amp—, ca,to-C, and systemic 
W "T«- Td lr can he further modified by removing the CP (coat 
Trie S a -tor iacKing the CP gene W„i stii, he capabie of ce„-to-ce 
prote,n) gen. Such a v ion systems fo r the express.on of 

movement. The construction of plant virus ^ 

no ,vira, genes in piants has been escnb^ n ^ ^ 

« 112, 285-293; Bnsson e< ^ « ^ ^ 

VW vector-based expression systems offer a Qf 

encoded protem can reach 5-10 % of the ^ ^ ^ 

from a vira. vector (Kumaga, « a,., 2000, Gene, 2 ^ 

ocr w RNA viruses are the most suitaDie ds» y 
Wro/ogy, 255, 312-323). RNA paiente ^ 
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sys , em s which make use o, he, £ « „ ^ .n*-- «> 
(U S 5 8B9191, ™^Z££ZZ. ddving the expression of vira, vector 
the plant genome contain the strong 35b pr transc ripticnal gene silencing 

ba sedampr,cons. These ^^^ZTT^^L of PTOS 

(PTGS) (Angell & Baulcombe, 1997, EMSO X, 1ft* 
uppressors is necessa* to overcome such silencng (WO013851 d ^ 
JLs between plents carrying the silenced ^ ^'^ larg e 
r pTG s suppressor ( M a, W e ( a,., 2002,^^6,0^0 no, ffl« _ 

====—=."••" 

systems, specifically their limited capacty for the size of m g 

pr ovector> is preferably present ,n ^ preferred ove r vlra, 

expression of large genes (above 1Kb), protein sv*h ^ _ 

> iral m0St ' y ri— capable of acitvating a vira, vector to many ce„s or 

'providing a moveable protein switch cap menfoned pr0 bi e m. Additionally, to 

c-M,>«W^™v^«^'"^^.^ _ sajd protejn 

To this end, the protein-switch may contain . , prote,^ pc.o 

capable of cel,-to-ce„ and/cr system.o movement ^ Example ^ ^ 

capable to intercelluiar trafncKing are known in pnor a* T ^ 
transection factors, defense-related ^™^^ 0pln . Gene,. Dev., Z, 495- 
plasmodesmata (for review see: Jackson & Haka, 1997 

500 ; Oing, B. 1990, - Mo, S, f^TZ^Z that a fusion of 3a 
PE2; Golz & Hudson, 2002, Plant Cell, 14, S277-S288). 



««h afP can traffic out via plasmodesmata to 

neighboring cells (Itaya et a/., 2002, Plant — ^.^genlc scion. The 

*. movement through phloem from ^ trafflos between cells tbrough 

mo vement protein o, ~ i\ Lies the moment of many 

p— ^ * ^ :: 9 SP p re ts" — « * Pa- 
nther large Din g, itaya & Woo, M « Re, 
Trans. R Soc. London B B,o/ Sc., 364, 637 , independent of 
m 251-316). The P30:GFP fusion showed ™— ^ plas modesmata at 

physiol ogica, conditions, ~"%££11ZL . ™* »». «- 
larfl e depends o, physioiog.cal sta e of the plan : « J ^ aiso 

>», m 1802-1812). The ,us,on of ^ demonstarted 

show ed the ability for intercelluiar The a *N ^ ^ 

m0 vement from internal tissues of the leaf to the p ^ ^ ^ 

lnt0 the shoot apica, mehstem o, tobac» piant (ttraef ^ ■ ^ ^ 

US A, ». 4103-4106). Piasmodesmata play an ,mp rto* ^ 
P bysio,ogiga, stage and structure are important ,o jn deve , oplng 
example, simple ^a, rt ^-« ^ 
tobacco leaves, while the branched ones do not Opa*a a ^ 
tracing of macroraolecules ^^^l, ce , t o-ce,l spread 

-P--»^7,^Tli!^ genera,, it is evident that 
(FuiW ara et a/., 1993, Han, M B. and de|lve ^ ot 

^asmodesmata and the phloem play an ™*«**J* edrano et a ,, 20 01, Curr. 

^-r^z^^^^ — - ~ 

Op/n.P/anfB.of., 4, 202-209). Ph ^ p|asmodesmata 

— have - , SC , USA ., § 4, 14150 -1415 5 ). There are also 

(Balachandran et a/., 1997, Proc. W>. » mammalian 
abu ndantdataabouteng,nee ri ng,nterce,,-« 

cens, predominantly «**«P^P|W^ J For 
vira , ohgin having the transport funcbo US 635 « ^ ^ 

example, the herpes simplex v,rus type 1 (HSV ) v r p ^ ^ 

Gerties --^-^J^^ entire^ protein (Pheian - a, 
is being used for therapeufcc purposes as the 
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immortalization activity (US 6358739). 

=====S=S==rss=s= 

====== - 

======== ' 

1 2S approach, whereon* part of intracelMar protein-switch is capabie <rf 
Stlrtrl^.whila.heo.harpart.s exposed without an y restnct™ by 
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intera c«ons between tnespM protein parts can restore .tsf.nconal.ty. 

, m a orotein-switoh system oontemplated herein is an operational 



restricted c -| ans , rpa and Rosaceae. 

r- ra minae Compositae, Solanacea 
representatives of Graminae, op 

Ad ,,tiona,,y. preferred species^ ^ Arach, 

plants from the genera: Arab.dops.s, Agr . 

A spara 9 us, Atropa, Avena, -~ JT^To* Cucumis, Curcubita, 

Capsicum, Cioer, Chenopodium, Ch.ohonum ' Festuca , 

Cynodon, Dactylis, Datura, Daucus, OgM . q mu5 , 

> Fragan a, Geranium. Glycine. Hellanthus, Ha te ro^ He« , ^ 
Vomoea, Lactuca, Lens, Uium, Unum, U**U* , Ly P 

r=r 

feed chain are specifically preferred for pharmaceu 

easy to transform 

Among »em. Nicotiana species are the most vi a, vectors, systems, 

and cultivate with well developed express.on vectors (espaca 

, . „n„in 10 be used within the scope of this 
Preferred multicellular systems of non-plant ong.n to be 
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transgenic organisms. 

derivatives that can be expressed and isolated mg , ation enzyme , 

debranching enzyme, sucrose phosphory ,ase, poiygaiacturonase, 

star obs y n t base,.s U crosepb « glycosyltransferas e 

polyfructan sucrase, ADP glucose pyr p P ^ ^ , a| 

fruc tosy, transferase, giycogen synthase. P^este^ ^ 

>levansucrase, Eco// glgA Protein, 
nsmotin 2S albumin, 
assimiia— aboiism enzyme, g— , syn^ piant . ^ 

integrase R, Integrase ph,C31, or an act g ^ ^ jnsectioidally 

transferase, Sea M5 (soybean ca, m odui,n) oo te o^n ^ 
ac «ve fragment, ubiguKn coniugabng e z,me JE2, ^accnandes, superoxide 
me tabo,ise lipids, amino acids, sugars, nUde '° f^rotL toxins, traits aitenng flber 

ln flb er produc, g plan* Coieop ^ protoxlrl 

insecticide, crystal degradin8 enzymes, E1 ceiiuiase from 
etc.), insect spectre toxrn Aan, dehydrogenase, 

v — ■rr^tST^^ — HMG - coA 

Vehalose-6-phosphate synthase, enzymes y 

r — • ' £ t l' n r i0 ^ ^ -ded protein, phytase, 

hert ;co/a lycopen synthase, AGO o»d . P ' m synthass , ac yl 

Ketohydrolase, acetoacetyl CoA reductase ^£J*£ pT0M 5 encoded protein, 
rarn erprotein,napin, E A9,non-higherp,antphyoenesyn t ha ^P MMs 

ETR (ethylene receptor), plastidic pymvate pho p^e * ^ 
transmembrane pore protein, Uait enhancng p , osy thebc o ^P ^ 

oe ,i, stilbene ^.-^"Tlir^J^ 
dioxygenase, catechol ™^ ^ 16 . bipnosphataS e (FBPase, AMV RNA3, 
synthase, Srass/ca AGL15 protem, TMV coat 

PVY repiicase, PURV replicase, potyv,rus c t prote,, C 

pro tein, iuteovirus repiicase, MDMV message ^ ™ ^ „ c12;0 

Umbe/Maria ca/ffomfca C12:0 prefernng acylACP 



0£. 

synthase factor A, plant synthase factor B, D6 desatur p ^ 

activity in the peroxysoma, b-oxidation of fatty acds n ^ 

Ketoacyi-COA thioiase, .ipase. maize acetyi-CoA-carbox las * ^°IPV V 

ph osphate synthase (EPSP), phosphinothricin ace*, ~ «, ferring 

A CC deaminase, protein having posttranslat,ona, deavage site, DHP ^ 

s U „onamide resistance, bacteria, nitrilase, 2,4-0 T^^J^^ 

acetohydroxyadd synthase (ALS, ^"T^Z^XZ —eases, 

|nucleases (Dnases and RNAses), phosphatases, transferases etc. 

, „„ be used for the purpose of molecular farming and purification of 
This invention also can be used for tne p v including industrial 

commercially valuable and pharmaceutic -^^l ^teins (collagen, 
enzymes (ce,,u.ases, lipases, proteases, phytases etc^ ro^s pr ^ 
spider * protein, etc.). Any human or an,m ^ ^ Qf inlerest 

purif.ed using described in our inven.cn approach Examples of 9 
Llude inter alia immune response proteins (m— - g 

an«bodies, T cell receptors etc.), anfgens ,n lud.ng hose dam, 
microorganisms, coiony stimulating re = o^e £ h ^ 

somatotropin (HGH) and pro.nsulm, cytokines and the, ^ 
factors and coagulation factors, enzymaoca y 

serum 
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EXAMPLE 1 

stabjy integra ted into the plant genome 

Construe plCHrecomb (Fi fl 3) contains the ore recombinase fused to the TMV — 
protein (MP) followed by a transcription terminator. The fusion prote,n cannot be 
e^llsitisnotundercon^oiofaprorooter.andisiocatedbet^een^ioxPs^, 

o entation. This cassette (Recombinase-MP fusion- terminator between ox 
asserted in antisense oriental downstream of the Arabidopsis ac*2 promote, 
J pp o, the recombinase cassette by ac«on of the Cre recombinase (pro. 
£ wii, piece the recombinase-MP gene under controi of the Actm 2 promoter and 
result in its expression. 

PiCHtestGus is a test construe, designed to detect expression of the ore rooombinase. it 
contains, on a bina^ vector, the 358 promoter foiiowed by a LoxP s,te, me _<OT ORF , *e 
Nos terminator, a second Lox P site in direct orientation, the Gus ORF and the Ocs 

a* *. g U5 „ , s „* ^ a5 * * - ~ - - o 

promoter. Expression of cre recombinase will lead to exas,on o, GFP and me 
terminator, placing the Gus gene under control of the 35S promoter. 

Transgenic — —ana plants containing the T-DNA of PiCHtestGus or 
^CHrocomb were obtained by Agrobacferi—ted transforms of ^ 
described by Horsch et a,, 0385, Science, 227, 12*131). -a, discs were — * 
30 min with Agrobacterium strain GV3101 transformed with either construct. Afte th ee 
J ftlation on medium (MS-medium 0, mg„ NAA, 1 mg/l BAP) 
agent, select o, transformers was performed on the same MS-me ,um supplemented 
1 00 mg/L Kanamyci, In order to reduce the growth of Agro actenum. the m *u™ 
was also supplemented with 300 mg/L carbenici.in and 300 mg/L cefotax,me. Regenerant 
were incubated on se,ec«ve MS-medium without hormones supplemented w h the same 
re train of the seiective agents to induce rooting. The presence of the ransgene 
Teg "gating T2- P opulations was confirmed by PCR-analysis. Plant contain both 
— (PiCHtestGus and plCHrecomb, constructs were obtained by hybnd,^on o 
indM dua, transformants. Identification of plants containing both constructs was performed 
using PCR. 



WRnntvwif 
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pl CHt e s»Gus were also boarded w,m p,CH3 9 81 B m ^ g 
dishes with a piece of wet filter paper to keep me leave ,s 

days, the leaves were — * " ™ stained 

containing the T-DNA o, construct pICH* *W bombardmert . ,„ contrast, 

) activate its own expression as we,, as recombine the test construct. 

i^ffick^fprass^^ 

II 11 | l | 1 ntnrn-"-" PPa * nre5sion 

cor olCHFPinv (Fig 4) carrying T-DNA with two provector parts was made 
A binary vector pICHFPinv (Hg. I ef a/ 1982 Molecular cloning: a 

using standard molecular biology techn iq ues ( M a ia.,s e a, 9 ^ 

Laboratory Manuai. Cold Spring Harbor Laboratory New and function are described in 

) prov ector elements and basic pdnciples o, construe n and to* n ^ 
detail in patent application PCT/EP02/03476 and in DE 1M 2 283^ Th 
a transformation marker (NPTII gene) and the S Z°"^ — 5 

RNA polymerase [RdRp], the movement protein MP, tollow* * a U ^ 

pr - de ; bym rh:::nr^ 

vector also contains the 3 ena ot ine H > nontranslated region of 

tne vira, vector (3' NTR) and a transition P P orientaSon 

LoxP sites in opposite orientation and is pos,t,oned on the vecbonn pp 
relative to the , provector. Therefore, this construe^ as s ch ^ 
amplification. Application of era recombinase leads o ^ 
,o formation of a functionai vector (Fig 4B F»J* ™e TM ^ ^ 

expressing GFP is capable o, ceii-to-cel, and sysemc moveme* P 
be^am/ana plants can be easily detected visually by us,ng a UV lamp 
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*, . LEICA stereo fluorescent microscope system (exoitaflon at 450-490 

r— ~ - in ° ur experiments ran be exdted by 

and UV-light (sGFP stands for a synthetic GFP). 

prot ooo, described *Y„ - ^ ^ (o ^ for extema , ly 

r"" ^ ,B medium supplemented with Rifampin 50 mg/1 and 

' app lied protein-swflch, , «as grown n L^ed urn P ^ ^ ^ ^ ^ fey 

r:r rsr rsj" = :;= a , i_ « ~- 



constructs were mixed before infiltration ^ ^ 

Aa roinflltration was conducted on near fully ex^a ded leave th ^ 
intac t plant. The bacteria, suspension was L> eight to 16 

r^TT-rj^i— --^'« 
rs^=^----- 2l ' c,B^1a,,,-tp,rd, "■ 
encoding for ere recombinasa, infiltrated leaves of nno whfch could be 

transformed tobacco plants infiltrated with the same agrobaotenum. 
EXAMPLE 3 

yseofajBljt pmtain switch 
^saphiCCThomaso 

1038), using the synechocystis sp. PCC6803 unac y 
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, t0 H and C tormina, fragments (P—cC and ^^^TE 

integrase fragment and intermediated integrase assembly. To start the pro 
integrase can be supplied exogenously. 

replaced with recombination sites AttB and AttP. 

===== 

be detected in leaves of transformers for the test contruct atone. 



2. 
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Claims 



A m ethod of centreing a genetica.ly-modif.ed multi-cellular organism or a part 
thereof, comprising the following steps: said 
(a) providing a multi-cellular organism or a part thereof, wher y 

causing expression of a I protein from said heterologous nucle.c acd ,n 



(b) 

least some of said cells, 



m ZZ expression of said protein in cells containing said heterologous 

nucleic acid, and optionally 
(iii) controlling a cellular process of interest. 

The method of one of claims 1, wherein cells of said mul«-ce„u,ar organism or a 
protein. 

The method of claim 2, wherein said protein causes the production of an RNA 
and/or a polypeptide from said additional heterologous nucle.c acd. . 

The method of Calm 2 or 3, wherein said protein causes formation of an expressible 
rZtm said additional heterologous nucleic add or from an RNA express 
product of said additional heterologous nucleic. 

The method o, claim 2 or 3, wherein said protein causes formation o, an expressible 
said addKona, heterologous nucleic acid or from an RNA express,on 
product of said additional heterologous nucle.c. 

The method of one of claims 1 to 5, wherein said protein has 

T asegmen, that is capable of causing said expression of said prote.n and,or 

(b ) a segment that is capable of controlling said cellular process. 
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Tnemethod 0fd a, m6 . — one of said segments hasaD^ or RNAmodKying 
activity. 

The method - Cairn 7, wherein - segment is seiected *om 
r ecombinasas, flippases, reso.vasas, integrases, transposases. 

The method o, ona o f claims 1 to S, wherein said causing expression - said protein 
in stap (b) comprises applying an external signal. 

„ . — - .. — - — j-- xztst. 

.„ h n, calm 9 or 10 wherein said external signal applied in step (b) is a 
saidpolypeptideintoaoei, of said mulri-ce.Mar organism or o, a pari thereof. 

, • «n «r 11 wherein the application of said polypeptide 

or for a part of said polypeptide. 

a pathogenic microorganism that has a system ot 
host cell. 

Th e method o, claim 13. wherein said pathogenic microorganism is a viruient or 
non-virulent Agrobacterium. 

cans comprises call-to-cell movement or systemic movement 
organism or a part thereof. 

enabling said leaving a cell and entering other cells. 



13. 



14. 



15. 



nionnnoc<( 



17 . The method o, claim 16, wherein said protein portion is a domain of a vira, 
movement protein or of a viral coat protein. 

„ The method o, oiaim 16, wherein said protein portion is a domain of a plant or 
anima, transcript faotor oapabie of oeii-to-oeii or systemio movement. 

19 . The method of oiaim 16, wherein said protein portion is a domain o, a piant or 
animal peptide intercellular messenger. 

20. The method of oiaim 16, wherein said protein por«on is an artificial pepMe capable 
of enabling cell-to-cell or systemio movement. 

F 2n The method of one of claims 1 to 20, wherein said multi-cellular organism or part 
Tereo provided in step (a) is a transgenic multi-celluiar organism coning ad 
mgous nucleic acid stahly integrated in the nuclear and/or the plasfd genome 
of the cells. 

22 The method of one of claims 1 to 20, wherein ceils of said muiti-oellular organism or 
part rIof provided in step (a) are transient, transformed with said heterologous 
nucleic acid. 

23 The method of one of claims 2 to 5, wherein said additional heterologous nucleic 
a ci d * stabiy integrated in the genome of said muiti-ceilular organ,sm or part 
thereof. 

24 . The method o, one of claims 1 to 23, wherein said muK-celluiar organism is a 
higher plant. 

25 A geneticaily-modified mul«-ce,lular organism or a part thereof containing a 
heterologous L.eic acid in cells thereof, whereby sa,d heteroiogous nuc,e,c acd ,s 

r"ofaproteinfromsaidhetero,ogousnuo,eica.dcanbecausedin 

cells containing said heterologous nucleic and 
(b) S aidprotainiscapab,eofleavingacel,anden,eringomeroe,.sofsa,dmu,- 

cellular organism or a part thereof, and 



tcl said control protein is capable of controlling an 

{ ) Session ^ said protein in cells containing said heterologous nucle.c ac,d 



and 



(d) optionally, controlling a cellular process of interest. 

Th e geneKcally-modifled multl-cellular organism or a part thereof according to claim 
25, wherein said multi-cellular organism is a plant. 

Th e geneticaliy-modified organism or a part thereof as further defined in one o, 
claims 2 to 24. 

====== 

part thereof. 

to one of claims 25 to 27. 

A stably or transiently geneticaliy-modified multl-cellular organism or parts thereof 
. obtained or obtainable by the method of one of claims 1 to 24. 

™= <„ ?7 wherebv said composition comprises 

: Girding to claim 23 as a signal for causing expression of a protem ,n a 
genetically modified multicellular organism according to one of ola,ms 21 to 26. 
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Abstract 



A meth od of control a g enetican y — m— * organism or a part thereof, 
comprising the following steps: of sajd 

M providing a multi-cellular organism or a part thereof, wner y 

least some of said cells, 

>" - sa id P-e, ,n ce„s coning sa, 
nucleic acid, and optionally 



00 
(Hi) 



controlling a cellular process of interest. 
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